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the framework’s utility for studying the cumulative effects of

work-related stress on firefighter health. After this, factors that
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and behavioural habits) factors. Finally, we presented

methodological barriers and opportunities that may arise when
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General orientation and objectives

Work-related psychosocial stress, an enduring threat to health and wellbeing, has com-
manded growing attention in recent decades. In firefighting, as with many occupations,
stress often results from work events and characteristics, including social interactions,
that produce psychological strain (Ganster & Rosen, 2013). Such stressors may appear
through a constellation of day-to-day job experiences, like job demands, interpersonal
relationships, and work environment/culture (An et al, 2015; Payne & Kinman, 2019;
Saijo et al., 2007), and can place workers at elevated risk for reduced job performance and
adverse behavioural and health outcomes (Igboanugo et al., 2021; Isaac & Buchanan, 2021).

Given the rise in adverse health outcomes (such as short — and long-term disability
and chronic illnesses) and the implications to public safety, there is an urgent need to
address workplace stressors that impact the health and wellbeing of firefighters.
However, despite mounting evidence suggesting a significant association between psy-
chosocial stress and adverse health outcomes, the underlying process still eludes our
full comprehension. Due to the complicated nature of the stress-health relationship, a
theory-driven framework will provide the best approach to elucidating this phenomenon.
One possibility that needs to be considered in this regard is the allostatic load (AL) model
(McEwen & Stellar, 1993), which offers an innovative and reliable framework for inves-
tigating and understanding the cumulative biological imprint of chronic psychosocial
stress exposure in firefighters.

As a result, our primary goals will be to introduce the AL framework and explore its
practicality in guiding scientific inquiry into psychosocial stress and adverse health-
related outcomes in the fire service. To meet our objectives, the article will proceed as
follows. First, the various type of stressors commonly reported by firefighters will be
identified, with special attention placed on those of a psychosocial nature. Next, a
summary of work-related psychosocial stressors and the steps leading from them to
adverse health outcomes in firefighters will be provided. Third, the AL model will be
introduced, and the framework’s utility for studying work-related stress and its cumulat-
ive effect on firefighter health and wellbeing will be outlined. After this, we will describe
factors that may play a significant role in the stress-AL-health outcome relationship.
Finally, we will discuss methodological barriers and opportunities that may arise when
applying the AL framework within this professional group. Ethics approval was not
required to review published/publicly reported literature.

Types of stressors experienced by firefighters

Stressors prevalent among firefighters can be grouped into two main categories: physical
and psychosocial. In addition to physical stress from fire suppression, firefighters often
endure injury from structural collapse, equipment failure, and exposure to contaminants
from combustion products. Also, since firefighters respond to medical emergencies and
disasters, they may experience additional physical stressors that threaten personal safety,
such as needlesticks, patient violence, and respiratory diseases (Durand et al., 2021;
Fisher & Etches, 2003).

Further, some of what firefighters experience may enter the realm of traumatic stress,
which includes cases where the perceived magnitude of a physical and/or psychosocial
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stressor exceeds a severity threshold. Characteristics that may foster the likelihood of an
exposure crossing the traumatic threshold include witnessing the injury, or death of
victims, or fellow firefighters and the experience of dealing with victims of fire, accidents,
and natural disasters (Fisher & Abrahamson, 2002; Fisher & Etches, 2003). As might be
reasonably expected, a traumatic level of stress experience can place a firefighter at higher
risk of post-traumatic stress injury (Salleh et al., 2020) and vicarious trauma [i.e. stress
emanating from exposure to a traumatised person (Fisher & Etches, 2003)].

Due to decades of research, there is considerable evidence about the nature and preva-
lence of physical, traumatic, and environmental stressors and their consequences [see
reviews by Barr et al. (Barr et al., 2010), Guidotti & Clough (Guidotti & Clough,
1992), and Orr et al. (Orr et al.,, 2019) for more details], primarily because of their
clear link with health-related outcomes such as musculoskeletal, respiratory, and trau-
matic stress disorders (Guidotti, 1992; Jahnke et al., 2016; Mustajbegovic et al., 2001).
Consequently, great strides have been made in developing policies, training procedures,
and protective equipment to mitigate the impact of physical and traumatic stressors on
firefighters. Unfortunately, a similar degree of progress has not been achieved for the
other main type of stress experienced by these workers.

Firefighters have a unique work schedule, often consisting of a traditional 24-hour
shift followed by two days off; however, in exceptional cases, 24-hour shifts may
extend beyond the allocated schedule (Choi et al., 2016). During their shifts, firefighters
often face frequent emergency alarms that may promote a hypervigilant state with readi-
ness for potential danger. In other instances, especially on a slow day, their time at work
may become boring (Murphy et al., 1999). Regardless of its variability, over time, such
shift characteristics may lead to varying levels of stimulation, causing sleep disorders,
fatigue, and anxiety (Barger et al., 2009; Haddock et al., 2013; Murphy et al., 1999). In
addition, work-life balance and marital satisfaction may suffer because of the unusual
work schedule and extended work hours (Shreffler et al., 2011).

Further, most firefighting work environments in North America and other parts of the
world employ a paramilitary leadership style with a ‘chain of command’ structure
(Murphy et al., 1999). Such a leadership style may inadvertently create challenges in com-
munication leading to interpersonal conflicts, power struggles, insubordination with leader-
ship, or, in worst-case scenarios, result in an authoritative and ‘toxic’ work environment
(Beaton & Murphy, 1993). In addition, the paramilitary environment may encourage the
sort of bravado that exposes firefighters to risk-taking and fatal mistakes (Fisher & Etches,
2003). Since firefighters depend on the leadership and combined effort of their entire
platoon (Driessen, 2002, p.5), there is often an expectation of bravery and commitment
from each team member. The downside of such expectation is the possibility that firefighters
struggling with job demands, or other issues, may choose not to seek help, or speak out for
fear of stigmatisation, or being ostracised (Banes, 2014; Beaton & Murphy, 1993).

In addition, various factors that complicate the work environment of firefighters have
begun to emerge. As noted, firefighters, especially in urban areas, have observed
increased job demands along with role conflicts and ambiguity, due to their growing
involvement in emergency medical services and other activities outside the usual scope
of firefighting. As a result, in addition to fire-suppression skills, many firefighters must
be well-versed in life-saving techniques that require time urgency, decision-making
readiness, and exposure to harmful situations (Murphy et al., 1999). Furthermore,
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changing demographics, rapid urbanisation, and climate change have placed additional
demands on time, effort, and capacity. Despite the increase in job demands often experi-
enced, pay and benefits have not always grown in a matching fashion, leading to effort-
reward imbalance, job security concerns, and burnout (Angelo & Chambel, 2013; Lourel
et al., 2008; Rajabi et al., 2020).

The enduring impact of psychosocial stress on firefighters

Due to the likelihood of repeated exposure to work-related psychosocial stressors, the
possibility that firefighters may experience a high risk of adverse physiological, mental
health, and behavioural changes is not surprising (Fisher & Etches, 2003; Igboanugo
et al., 2021). That is, going along with the increased risk of occupational injuries caused
by physical stressors, many firefighters may also be burdened by exposure to psychosocial
stressors (acute and chronic) that can increase their risk of cardiovascular disorders, mus-
culoskeletal difficulties, undesirable mental health outcomes (like burnout and depression),
and harmful coping behaviours, like alcohol dependency (Igboanugo et al., 2021).

At the organisational level, stress-related adverse health outcomes may take shape as
increased rates of absenteeism, sick days, long-term disability, labour-management dis-
putes, and early retirements (Fisher & Etches, 2003). In addition, poor job performance,
an inability to attract and retain firefighters, and increased healthcare costs from mana-
ging stress-related disorders are potential consequences of these health outcomes that
may also place the public at risk.

The allostatic load framework: biological embedding of workplace
psychosocial stress

In response to stressful stimuli, a set of highly interrelated adaptive processes are acti-
vated, allowing the body to respond to the challenge (McEwen & Wingfield, 2003).
The two most notable stress response systems are the hypothalamic—pituitary-adrenal
gland (HPA) axis and the sympathetic-adrenal medullary (SAM) system (Chrousos,
2009; McEwen, 1998). Stimulating the HPA axis and the SAM system leads to the
release of vital hormones (such as cortisol and catecholamines), which are responsible
for maintaining the fundamental stability of the most important physiological systems.
For example, by generating and redistributing energy resources through a cascade of
events in different, but interconnected systems, cortisol and catecholamines enable the
body to respond to a challenge by maintaining essential metabolism and body tempera-
ture (Chrousos, 2009; Godoy et al., 2018).

By working to create conditions that will help support those systems responsible for
homeostasis (i.e. those physiological parameters necessary for life), cortisol and catechol-
amines are primary mediators of a process that has come to be known as ‘allostasis’
(Godoy et al., 2018; Sterling & Eyer, 1988). Allostasis may be imagined as the varied
and often inter-connected physiological changes initiated by the primary mediators
that influence downstream-level changes governing homeostasis to ensure the greatest
degree of organism-level stability in the face of changing circumstances (Juster et al.,
2010; Sterling & Eyer, 1988).
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The various physiological changes caused by the primary mediators underlying allos-
tasis were refined throughout evolution to play a beneficial role in improving adaptation
and performance in the face of environmental demands, such as those presented by stres-
sors (Juster et al., 2010). However, chronic activation of these allostatic changes may lead
to the gradual dysregulation of many physiological systems that sets the stage for eventual
‘wear and tear’ (Juster et al., 2010). Put simply, continued attempts by the body to main-
tain stability in the face of changing circumstances over the long term has a biological
cost, which has been framed as ‘allostatic load” (McEwen & Stellar, 1993). Importantly,
given the current discussion, the AL model may provide an account of how the physio-
logical changes that begin with exposure to various stressors experienced throughout life
can culminate in adverse health outcomes (Carbone et al., 2022; McEwen, 2000).

McEwen and Seeman (McEwen & Seeman, 1999), in their seminal work on the stress-
AL relationship, detailed the steps by which high AL culminates in disease. At first, fre-
quent stressors, or chronic exposure to stress burdens the body’s adaptive and regulatory
systems. Subsequently, the chronic activation of allostasis leads to a series of pathophy-
siological states representing altered response patterns, including the inability to properly
extinguish the physiological stress response, even after the stressor is gone. Finally, due to
overuse, or maladaptation, such failure to adapt results in dysregulated biological systems
that eventually succumb to disease states (Ganster & Rosen, 2013; McEwen, 1998).

Measuring allostatic load

By considering multisystem stress biomarkers, the AL model allows us to quantify the
cumulative ‘wear and tear’ on the body when adaptive systems are repeatedly required
to operate in a manner beyond what may be regarded as typical (Singer et al., 2004).
In selecting how to measure AL, consideration is given to the synergistic effect of
various biomarkers involved with the stress response and/or predictive of long-term
physiologic dysregulation, or pathological states (Bizik et al., 2013; Edes et al., 2018);
the compilation of these biomarkers form the AL index (or ALI). At least 11 algorithmic
formulations for arriving at the ALI score exist; however, the original scoring algorithm,
the risk quartile count method (Seeman et al., 1997), remains the most frequently used
(Juster et al., 2010; McLoughlin et al., 2020). In the risk quartile count method, the
sample’s distribution of a biomarker is used to establish risk categories (i.e. the upper,
or lower 25th percentile, as appropriate), and these thresholds are then used to charac-
terise recorded values (Bizik et al., 2013; McLoughlin et al., 2020). In particular, values
falling within a high-risk quartile are assigned a score of ‘1’, whereas all others are
scored as zero; after this, the ALI is then determined by simply summing the scores
from each biomarker (Bizik et al., 2013). Regardless of the combination of factors used
to determine the ALI, the summary measure of AL is a greater predictor of long-term
health than any individual biomarker (Karlamangla et al., 2002; Seeman et al., 2001).
Given the theoretical construct of allostatic load, the experience of stress over time
would be expected to increase one’s ALL Importantly, such a notion is supported by evi-
dence from both cross-sectional (Mair et al., 2011; Mauss & Jarczok, 2021) and longitudi-
nal (Clark et al., 2007; Glei et al., 2007; Piazza et al., 2019; Upchurch et al., 2015)
investigations that strongly suggest psychosocial stress is linked to increased AL scores
in the general population. Moreover, along with evidence supporting the link between
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psychosocial stress and high AL, extant research affirms that high AL can increase risk of
adverse health outcomes. For example, among the earliest attempts at operationalising AL,
Seeman et al. (Seeman et al., 1997) compiled an index of 10 biomarkers to show high ALI
correlated significantly with poor health status, including adverse cognitive function.
Additionally, several recent literature reviews have documented evidence linking elevated
AL to adverse health outcomes, including psychiatric conditions, cardiovascular disease,
and all-cause mortality (Beckie, 2012; Guidi et al., 2021; Juster et al., 2010).

Work-related psychosocial stress and allostatic load

Current evidence points to a strong link between psychosocial stress and significant
neurologic and somatic dysregulation in the form of high AL (McLoughlin et al,
2021; Theall et al, 2012). As a result, the growing application of the AL model to
reveal the cumulative consequence of job strain in working populations should not be
surprising. For example, work-related psychosocial stressors (such as effort-reward
imbalance and high job demands) have been positively associated with AL (Bellingrath
et al.,, 2009; de Castro et al.,, 2010; Mauss et al., 2015; Mauss et al., 2016; Schnorpfeil
et al,, 2003; Sun et al, 2007). Based on the compelling evidence linking AL and
adverse health outcomes in the general population (workers in particular), there is a
strong likelihood that work-related stressors elevate the risk for chronic disease in
firefighters through a pathway that involves AL.

Applying the allostatic load framework to investigate work-related
psychosocial stress within the fire service

The utility and value of subjective stress measures, for example, self-report question-
naires, have been widely debated (Brown et al., 2016), and concerns regarding their
reliability and validity have been highlighted as potential limitations (see Table 1 for psy-
chosocial stress assessments commonly used with firefighters). For example, recall bias
may limit self-report accuracy in capturing past events (Slavich, 2016). Alternatively,
some studies have focused on the effect of work-related stress on physiological bio-
markers, for example, cortisol (Teixeira et al., 2022), heart rate variability (Pluntke
et al.,, 2019; Yook, 2019), and blood pressure (Choi et al., 2016; Kaur et al.,, 2014).

Table 1 . Alphabetical listing of assessment tools commonly used to measure psychosocial stress
among firefighters.

Measurement Tool Source

Copenhagen Psychosocial Questionnaire (COPSOQ) Kristensen et al. (2005)

Effort-Reward Imbalance Questionnaire (ERIQ) Siegrist et al. (2004)

Firefighter Assessment of Stress Test (FAST) Schuhmann et al. (2022)

Guarding Minds at Work (GM@W) Gilbert and Samra (2010)

Job Content Questionnaire (JCQ) Karasek et al. (1998)

Job Stress Survey (JSS) Spielberger and Reheiser (1994)

Korean Occupational Stress Scale (KOSS) Chang et al. (2005)

National Institute for Occupational Safety and Health (NIOSH)  National Institute for Occupational Safety and Health
Generic Job Stress Questionnaire Hurrell and McLaney (1988)

Perceived Stress Scale (PSS) Cohen et al. (1993)

Sources of Occupational Stress Scale (SO0S-14) Kimbrel et al. (2011)
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Although informative, the assessment of single biomarkers provides limited information
on the multi-systemic changes that coincide with stress-related disorders (Juster, Russell,
et al., 2016). Although both approaches (self-report and specific biomarkers) play vital
roles in stress-outcome assessment, when used individually, they may fall short of eluci-
dating how work-related stress affects firefighters (Ganster & Rosen, 2013). For this
reason, an approach that provides a more comprehensive stress-outcome assessment,
especially within the work environment, is essential.

An additional challenge to understanding how work-related psychosocial stress leads
to adverse health outcomes stems from the Healthy Worker Effect [HWE; a reduction in
morbidity and mortality in workers compared to the general population; (Li & Sung,
1999)], which may be particularly evident in professions (like firefighting) that have
strict recruitment and retention criteria (Choi, 2000). That is, recruiting healthy, resilient
firefighters lacking comorbidity is typical among fire departments. However, the AL
model may offer an attractive solution, since changes within multiple systems can be
identified with the ALI even when firefighters appear to be fine, or perceive their
health to be satisfactory. In other words, the AL model may be sufficiently sensitive to
systemic health changes in an otherwise healthy professional group and permit greater
accuracy during comparison with other first responders, or the general population.

As well, because AL serves as a multisystem indicator of chronic physiological dys-
function, the framework presents a viable approach to chronic disease prevention
among firefighters. Since computing the AL index informs our understanding of the
cumulative changes in one’s physiological status over time, AL may serve as a biological
warning system that identifies systems undergoing clinically relevant change, or deterio-
ration (Juster, Russell, et al., 2016). Additionally, since measuring AL allows individuals
at risk of adverse health outcomes to be identified, the measure provides a valuable
opportunity to address prevailing stressors and lessen their health-related consequences.

Primary and secondary variables for consideration in the proposed
firefighter AL framework

In addition to the primary variables of interest within the framework (i.e. work-related
psychosocial stress, allostatic load, and firefighter health), factors influencing the associ-
ations between the model’s primary variables need to be considered. In particular, pre-
vious studies have revealed that AL may be influenced by various factors that enter
into the model as secondary variables (Gustafsson et al., 2014). Indeed, the sequence
of events leading from adaptive stress response to AL and the development of adverse
health outcomes is dynamic and may be influenced by both modifiable and non-modifi-
able secondary variables. According to the current literature, non-modifiable factors
linked with AL that may be relevant when investigating firefighters include age, sex,
and ethnicity (Beckie, 2012).

Non-modifiable secondary variables
Age and allostatic load

Compelling evidence shows that AL consistently increases with age (Beckie, 2012; Crim-
mins et al., 2003; Seeman et al., 2001). For example, in the earliest application of the AL
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framework, Seeman and colleagues determined, by following members of the MacArthur
Cohort of Successful Agers, that AL increased significantly with age (Seeman et al., 1997).
Similarly, a cross-sectional study which used a sample of adults aged 20 to 80, observed
that AL scores rose in a non-linear pattern with age (Crimmins et al., 2003). That is, AL
rose slowly beginning at age 25, with a surging rise after 35 till age 65, and then a plateau
afterwards. Additionally, evidence supports a rise in AL with age in working populations
(Schnorpfeil et al., 2003; Sun et al., 2007). Of course, the age-AL relationship is expected,
given that the multi-systemic change in physiology captured by AL reflects the gradual
change in the body’s function over one’s lifespan (Guidi et al., 2021; Read & Grundy,
2014).

In addition to the increase in AL that coincides with age, as experienced firefighters
rise through the ranks and are accorded more responsibilities, they may endure more fre-
quent, or intense work-related psychosocial stress events, with mounting physiological
costs as their career progresses (Goh et al., 2020; Regehr et al., 2003). Thus, given that
firefighters spend considerable time on the job and that many retire past the age of
fifty-five (King, 2011), both age and length of service should be considered when inves-
tigating work-related psychosocial stress among these workers, especially to allow age -
and cohort-related effects on AL to be distinguished.

Biological sex, gender roles, and allostatic load

Biological sex and psychosocial gender roles may independently, or synergistically
influence AL (Juster et al., 2016; Juster & Lupien, 2012; Kerr et al, 2020). With
regards to biological sex, previous research looking into either specific occupational
groups, or across the general population suggests that higher AL is more often found
in men (Kerr et al., 2020; Mauss et al., 2015; Schnorpfeil et al., 2003). For example,
Schnorpfeil et al. (2003) reported higher mean AL scores (r=0.13, p=.02) for men
(M =3.29, SD =2.28) than women (M =2.43, SD =1.70) in a sample of 324 industrial
workers. A variety of factors could be responsible for the observed sex-based difference;
most notable among them could be the immuno-, cardio-, and neuroprotective effects
from estrogen benefitting women and the greater biological responsivity to stress that
men tend to exhibit (McEwen, 2000; Yang & Kozloski, 2011).

Along with sex, Juster and Lupien (Juster & Lupien, 2012) highlight the importance of
gender roles in the stress-AL paradigm. Gender roles are often driven by an individual’s
perception of their maleness-femaleness and are reflected in the degree to which they
adopt masculine and/or feminine-typical behaviours; for example, masculinity is often
associated with an assertive and competitive perspective on social interactions, while
femininity is typically viewed as taking shape in an approach that may be described as
more nurturing and sensitive (Juster et al., 2016; Kerr et al., 2020). Notably, while inves-
tigating gender roles and AL in a sample of workers, Juster and Lupien (Juster & Lupien,
2012) revealed that traits associated with masculinity predicted higher AL, unlike those
typically associated with feminity, regardless of biological sex.

Firefighting remains an overwhelmingly male profession, with men comprising about
95% of the population in the US (ZIPPIA, 2022) and Canada (P-SEC, 2021). Often,
women who have joined the fire service are subjected to a hyper-masculine environment
that requires acculturation. At the same time, they must navigate gender-influenced
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attitudes and work patterns to earn respect from their male counterparts (Sinden et al.,
2013). Such experiences, coupled with their minority status in a male-dominated occu-
pation, may reasonably be expected to create conditions wherein female firefighters
develop higher AL than their male colleagues. Hence, along with providing a more
nuanced and deeper understanding of the stress-AL relationship, there is likely to be sig-
nificant value for organisations in applying sex — and gender-based analysis when utilis-
ing the AL framework to investigate firefighter health.

Ethnicity and allostatic load

Ethnicity has previously been shown to influence AL either independently, or along with
other variables such as education level and socioeconomic status (Beckie, 2012). Since
ethnic minorities often experience discrimination more than their counterparts, such
inimical events may contribute to AL and its adverse health outcomes (Peek et al,
2010). For example, a study with US adults showed that Black individuals, especially
Black women, were at least 1.5 times more likely to record higher mean AL scores
(>4) than Whites after accounting for age and poverty (Geronimus et al., 2006).
Unfavourable socioeconomic conditions, system-level discrimination, a comparative
lack of available psychosocial resources, and the burden of intersectionality (i.e.
bearing more than one marginalised designation, particularly among Black women)
may help explain the observed connection between ethnicity and AL (Chyu & Upchurch,
2011; Geronimus et al., 2006; Tobin et al., 2021; Upchurch et al., 2015).

In the United States, the demographic make-up for most fire stations typically consists
of white (non-Hispanic) men, with other racial-ethnic groups clearly in the minority
(ZIPPIA, 2022). As elucidated earlier, the minority status of an ethnic group may con-
tribute to additional stressful experiences that follow from discriminatory practices
within the workplace (Arbona et al., 2017; Deitch et al., 2003; Yoder & Aniakudo,
1997). For this reason, considering ethnicity while investigating firefighters, especially
in urban areas, is necessary to fully understand how workplaces may be a source of
stress, the sort of variations present in AL among certain ethnic groups, and the
complex interactions that the stress-AL relationship can have with other variables (for
example, the availability of psychosocial resources like social and administrative
support).

Modifiable secondary variables

Along with the variables noted earlier, several modifiable factors have displayed varying
degrees of association with AL among firefighters, such as psychosocial coping resources
and health-related behaviours like physical activity, eating habits, and alcohol intake
(Schneiderman et al., 2005; Suvarna et al., 2020).

Psychosocial resources and allostatic load

Psychosocial resources constitute personal and relational factors that provide intrinsic
support for mental and physical health (Wiley et al.,, 2017). Such resources may take
shape at the individual level (e.g. self-efficacy), or through interpersonal interactions
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such as social relationships (Wiley et al., 2017). Indeed, psychosocial resources may either
prevent stress via proactive coping and promulgating healthy behaviours, or moderate
the response to a stressor by attenuating its effect; regardless, the result will be to
reduce the physiological imprint left by stressors (Aspinwall & Taylor, 1997; Haly,
2009; Wiley et al., 2017).

Given that social support has been shown to enhance resilience amongst firefighters by
providing perceived acceptance and camaraderie, which can cushion the effect of stress
exposure in these workers, this psychosocial resource may act as an essential variable
influencing the accumulation of AL (Beaton & Murphy, 1993; Regehr, 2009; Regehr
et al., 2003). Also, previous work with firefighters has shown that self-efficacy and resi-
lience are essential coping resources for overcoming work-related stressors and their out-
comes (Makara-Studzinska et al., 2019). Specifically, both resources buffer the effect of
stress via behavioural self-regulation (i.e. impulse control and reorientation towards
healthy coping choices) (Igboanugo et al., 2021; Makara-Studzinska et al.,, 2019). In
sum, since psychosocial resources can act as protective factors in the stress-outcome
relationship, considering them when investigating AL within firefighters would be
quite informative.

Behavioural habits and allostatic load

Increased physical activity has been linked to reduced psychosocial stress experience and
response, with subsequent dampening of HPA axis reactivity and cortisol release (Kla-
perski et al., 2013; Milani & Lavie, 2009; Rimmele et al.,, 2007). Empirical evidence
also indicates a significant reduction in AL and its metabolic and cardiovascular out-
comes with increased participation in physical activity, irrespective of demography
(i.e. sex, race, and age) (Gay et al., 2015; Petrovic et al., 2016; Upchurch, Rainisch,
et al., 2015).

Firefighters are generally encouraged to participate in physical activity, especially
between calls while on duty, to maintain the aerobic fitness, muscular strength, and
endurance required for their jobs (Pawlak et al., 2015). Indeed, their participation in
voluntary physical activities and the need to meet the fitness guidelines required for
firefighting may play a vital protective role against AL in this group. As a result, there
is considerable value in accounting for the potential influence of physical activity on
the stress-AL relationship in firefighters. Additionally, given the assumption of higher
fitness levels amongst firefighters, which is a likely contributor to the ‘healthy worker
effect’, considering the effect that physical activity may have on AL will provide a
more nuanced assessment of the impact that stress may have on firefighter health.

Unhealthy eating habits, such as consumption of food and beverages high in salt, fat,
or sugar, contribute to (abdominal) obesity (Paradis et al., 2009) and have been linked to
elevated AL and outcomes such as cardiovascular disease (Mattei et al.,, 2011; van
Draanen et al., 2018). Further, evidence suggests that individuals crave and consume
comfort foods (i.e. high-fat and sugary meals/snacks) to cope with work-related stress
(Suvarna et al., 2020).

Notably, evidence shows firefighters gravitate toward fatty, sugary, and calorie-dense
carbohydrate meals, contributing to the growing obesity rates observed among this popu-
lation of workers (Della et al., 2019; Lépez-Bermudo & Gémez-Landero, 2021; Muegge
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et al, 2018; Yang et al., 2014). For example, Lopez-Bermudo and Gomez-Landero
(Lopez-Bermudo & Gémez-Landero, 2021) report that within a sample of 28 firefighters,
35% consumed more snacks during their shifts compared to their days off, while 40%
reported indulging in unhealthy snacks like pastries. Factors contributing to unhealthy
eating habits among firefighters may be psychosocial (collegial influence, lifestyle
choices), physiological (boredom snacking, stress eating), or related to the work environ-
ment (firehouse eating culture, shift work) (Della et al., 2019; Muegge et al., 2018). There-
fore, based on the available evidence, eating habits among firefighters should be included
as part of any investigation into the relationship between work-related stress and AL.

Regarding alcohol use, definite conclusions about its effect on AL are yet to be made.
That is, some studies have recorded a beneficial effect of moderate alcohol intake (1-21
units/week for men and 1-14 units/week for women; 1 unit=10 g of pure alcohol)
against AL in men and women (Gallo et al., 2011; Petrovic et al., 2016). In contrast, Crim-
mins et al. (Crimmins et al., 2009) found no association between alcohol consumption
and AL. Within the fire service, alcohol is often consumed for social and coping
reasons (Jahnke et al., 2014). Unfortunately, problematic alcohol use is prevalent
among firefighters; for instance, Haddock et al. (Haddock et al., 2012) and Piazza-
Gardner et al. (Piazza-Gardner et al., 2014) both revealed high levels of binge-drinking
over the past month (56%, n = 656 and 34%, n = 160, respectively). Based on the preva-
lence of problematic alcohol use, attention must be directed to measuring alcohol con-
sumption and considering its potential role in the effect that work-related psychosocial
stress may have upon AL in firefighters.

Figure 1 illustrates the framework proposed for studying work-related stress exposure,
AL, and health outcomes in firefighters.

Challenges and opportunities

Despite the AL framework’s advantages, certain challenges are present. For example,
some physiological variables measured for the AL index can require significant effort,
financial investment, and skill. Indeed, collecting specific biomarkers can require invasive
techniques that require expertise and a more stringent ethical review process. In particu-
lar, blood collection for parameters like cortisol often requires specialised techniques and
professional oversight. However, recent technological and analytical advances have
created opportunities to measure less invasive parameters (such as monitoring heart-
rate variability with wearable devices, or measuring hair cortisol concentration).

An additional challenge related to data collection that cannot be overlooked concerns
sample processing times and compliance issues. That is, the time needed to process col-
lected samples may be prolonged depending on study type (cross-sectional, or longitudi-
nal), sample size, and the number of retrieved parameters. For example, some biological
samples (e.g. blood) may require unique storage processes, whereas others (such as hair)
may require specific steps to be followed to isolate the compound of interest (i.e. cortisol).
In some instances, considerable time may be spent on such processes, creating logistical
challenges. In addition, the measurement frequency of specific physiological parameters
(e.g. cortisol assessment in saliva) may burden participants and carry a potential risk of
issues with compliance. A related obstacle to data collection that must be considered



12 (& S.IGBOANUGO AND J. MIELKE

Firefighter Work-Related
Exposures

- Progression to altered stess
Psychosocial Stress — ” response

* Interpersonal confilct

Adaptive Stress Response Maladaptation

« Imnmune system activation and
regulation

« Altered digestive and
reproductive function

Allostatic Load and tertiary
outcomes in firefighters
(e.g., cardio-metabolic disease,
mental illness, and all
cause-mortality)

* Systemic factors f_" sitess Percaption ’ —>| Dysregulation of allostatic
(e.g., "24-48" work | systems
schedule) | ; 4 ﬁ

“Workdemands __ ' [ HPA Axis ] [ SAM Axis ]

* Role conflictlambiguity | Cumulative "wear and tear"

« Work-life imbalance | ;V—J

« Insufficient pay, job | 1 | === b
) : Allostasis r
insecurit | . . Y

Y | [Homeostasis regulation]
|
. | | *Energy mobilization and
Physical Stress — |_> redistribution L
|
|
|
|
1

Age, sex, gender, ethnicity, physical activity, alcohol intake, unhealthy B
eating habits, psychosocial resources (e.qg., self-efficacy, social support)

[ Chronic Stress Exposure :>

Casual —_—

Interact/modify - .. -

Figure 1. A diagram illustrating the framework for work-related stress exposure, allostatic load build-
up, and potential adverse health outcomes in firefighters.

concerns the busy, often unpredictable, work schedule firefighters follow, which may
affect participation and attrition.

A challenge related to interpreting findings from the AL model is the potential lack of
agreement between self-report measures of perceived stress and the AL index (Brown
etal., 2016). A handful of reasons may account for such psychophysiological discordance.
One possibility is that individuals may perceive their stress levels as manageable, and this
is especially the case with firefighters who, by the nature of their job and workplace
culture, often exhibit composure and resiliency; however, the biomarkers used to
compose an ALI may capture stress and physiological dysregulation beyond individual
awareness. Also, the lack of agreement could arise from assessment deficiencies that
render some self-report measures unable to faithfully capture stress experiences com-
pared to assessments based on the AL model (Brown et al., 2016). Finally, when consid-
ering the timeframe reflected in each assessment, self-report measures often focus on the
time around the measurement, whereas the ALI captures the cumulative effect of changes
that may have occurred over more extended periods.

Despite the points noted, various opportunities abound with the AL framework. First,
applying the AL model within firefighter research will prove useful in identifying (i)
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stressful aspects of their psychosocial environment, (ii) factors that may either build, or
weaken resiliency, and (iii) the progressive impact of stress on their health. Also, contin-
ued application of the model will help reveal the specific physiological biomarkers that
can best capture the progression of stress-related chronic conditions prevalent in
firefighters, such as cardiovascular disease.

Furthermore, ensuing research from the application of the AL model will provide
greater interest for empirical inquiry into firefighters and other first responders (e.g.
police) that may illuminate other aspects of their social and environmental stress experi-
ence, including those outside the workplace. Additionally, such research should serve to
motivate further work to investigate the interaction of occupation-specific factors such as
geographical (urban vs rural) firefighting location, rank, and years of service with psycho-
social stress and health outcomes among firefighters.

Finally, the AL framework offers a reasonable action window to target AL’s antece-
dents to prevent adverse health outcomes for firefighters. With such an opportunity, rel-
evant stakeholders, including epidemiologists, occupational health experts, and
policymakers, may obtain the information needed to design interventions, create pol-
icies, and allocate resources that improve the health and wellbeing of firefighters.

Conclusions and recommendations for future research

Firefighters are an essential group of public servants who place their lives at risk for the
safety of others, so protecting their health and wellbeing, while being an important goal
on its own, will also yield much broader benefits. Hence, understanding more about AL
and its associated adverse health outcomes within this professional group deserves urgent
research consideration.

Having outlined compelling evidence highlighting the utility of the AL model in elu-
cidating the complex stress-disease relationship, applying the framework in addressing
psychosocial antecedents of stress and their related consequences among firefighters
should appear as a natural next step. The utilisation of the AL model in firefighter
research should include experimental investigations and observational studies, especially
the longitudinal type, that consider various contextual and interacting factors to provide
a comprehensive understanding of the health implications of AL in these workers.

As interest grows and the operationalisation of the AL framework gains momentum,
there should be a consolidation in retrieving biomarkers, development of improved
analytical equipment, and standardisation of the AL biomarkers used to determine the
cumulative physiological consequences of stress within firefighters. Such knowledge
would help advance biobehavioural research and practice, and assist in developing
health-promoting interventions that seek to improve the health and wellbeing of
firefighters and other first-responders.
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